T HE MEDITERRANEAN DIET may play a beneficial role in health and longevity. 1 Its key components have been operationalized as a dietary pattern using a 9-point score. [2] [3] [4] [5] The Mediterranean dietary pattern has been associated with a decrease in overall mortality in a number of fairly small studies, 3, 4, [6] [7] [8] [9] [10] [11] and recently in the European Prospective Investigation into Cancer and Nutrition (EPIC), a cohort study of over half a million people from 10 countries across Europe. 5 To date, no US study has investigated the effect of the Mediterranean dietary pattern on mortality. We examined the relation of the Mediterranean dietary pattern to all-cause and cause-specific mortality in the National Institutes of Health (NIH)-AARP (formerly known as the American Association of Retired Persons) Diet and Health Study. 12 We hypothesized that greater conformity with the Mediterranean dietary pattern is associated with a reduction in mortality. The large size of the cohort allowed us to address potential smoking status confounding by restricting the analysis to participants who had never smoked and, in addition, to evaluate potential effect modification by lifestyle factors such as smoking status and body mass index (BMI).
METHODS

STUDY POPULATION
The NIH-AARP Diet and Health Study 12 was begun in 1995-1996, when questionnaires eliciting information on demographic and healthrelated behaviors were mailed to 3.5 million AARP members aged 50 to 71 years who resided in 6 US states (California, Florida, Louisiana, New Jersey, North Carolina, and Pennsylvania) and 2 metropolitan areas (Atlanta, Georgia; and Detroit, Michigan). Of the 617 119 persons who returned the questionnaires, 566 407 respondents filled out the survey in satisfactory detail and consented to participate in the study. Additional study details have been described previously.
We excluded proxy respondents (n=15 760) and subjects with a self-reported history of cancer (n=51 207), end-stage renal disease (n=997), heart disease (n=68 663), stroke (n=6435), emphysema (n = 9481), or diabetes (n = 30 181). We also excluded individuals who were outside 2 interquartile ranges of the 25th to 75th percentile interval of the normalized distribution for energy intake (n= 3387). The resulting cohort included 380 296 participants (214 284 men and 166 012 women) with no history of chronic disease.
COHORT FOLLOW-UP AND MORTALITY ASCERTAINMENT
Addresses were updated annually by matching the cohort database to the National Change of Address maintained by the US Postal Service. 13 Follow-up time for all-cause mortality was between 1995-1996 and December 31, 2005 . Vital status was ascertained by the Social Security Administration Death Master File, which documented 27 799 deaths during 10 years of follow-up. Deaths occurring in the 1995-2001 period were linked to the National Death Index to ascertain underlying cause of death. We investigated cause-specific mortality, including cardiovascular disease (CVD) (n= 3451), cancer (n= 5985), and other-cause (n= 2669) mortality using the Surveillance Epidemiology and End Results coding system.
14 The NIH-AARP Diet and Health Study 12 was approved by the special studies institutional review board of the US National Cancer Institute.
EXPOSURE ASSESSMENT
Study participants completed an early version of the Diet History Questionaire, 15 a 124-item food frequency questionnaire (FFQ) that was validated against two 24-hour recalls. 16 Pyramid servings for food groups were generated by linking the FFQ data with the Pyramid Servings Database, version 2.0. 17 The FFQ provided estimates for intake of alcohol, monounsaturated fat, polyunsaturated fat, and saturated fat (grams). To adjust for energy intake, we divided daily intakes by an individual's reported total energy intake and multiplied by 2000 calories in women and 2500 calories in men. [7] [8] [9] 11 Information about demographics, smoking, physical activity, and menopausal hormone therapy were also reported at baseline.
MEDITERRANEAN DIET SCORE
Conformity with the Mediterranean dietary pattern was assessed by the traditional Mediterranean diet score (tMED), similar to that constructed by Trichopoulou et al, 4, 11 and the alternate Mediterranean diet score (aMED) created by Fung et al. 2 The tMED includes 9 components and takes values from 0 to 9 points (minimum to maximum conformity). One point each is given for intake at or above the sex-specific median intake for components considered to be healthy (vegetables [excluding potatoes], fruit and nuts, legumes, grains, fish, and monounsaturated fat-saturated fat ratio), and 1 point is given for intake less than the median for those components considered to be unhealthy (dairy and meat). In addition, 1 point is given for alcohol consumption within a specified range (5-25 g/d for women; 10-50 g/d for men). The aMED differs from the tMED in that the aMED separates fruit and nuts into 2 groups, eliminates dairy, includes only whole grains, only red and processed meat (beef, pork, luncheon meats, and organ meats), and uses the same alcohol range for both men and women (5-25 g/d).
The aMED and tMED scores were divided into 3 groups: 0 to 3, 4 and 5, and 6 to 9 points. In sensitivity analyses, we considered different sex-specific cut points by assigning points to intakes at or above the 75th percentile or below the 25th percentile for the components considered healthy and unhealthy, respectively, while maintaining the cut points for alcohol.
STATISTICAL ANALYSIS
Associations between nonnutritional covariates and the Mediterranean diet scores were examined by cross-tabulations. The median, 25th, and 75th percentiles of intake of food groups and macronutrients were determined for men and women separately at baseline. Spearman rank correlation coefficients relating the scores to food group and macronutrient intakes were calculated.
We used Cox proportional hazards regression, 18 with personyears of follow-up as the time variable, to assess the association between aMED and tMED and all-cause mortality and mortality from CVD, cancer, and other causes with follow-up through 2001, separately for men and women. We verified that the proportional hazards assumption was not violated for our main exposure and other fixed covariates by including crossproduct terms of the Mediterranean diet score and personyears and testing that all coefficients equaled 0.
All multivariate models were adjusted for potential risk factors for mortality, including age (continuous), total energy (continuous), smoking (never smokers, former smokers of Յ1 pack per day, former smokers of Ͼ1 pack per day, current smokers of Յ1 pack per day, and current smokers of Ͼ1 pack per day), education (less than high school, high school, some college, and completion of college and postgraduate college), BMI (calculated as weight in kilograms divided by height in meters squared) (Ͻ18.5, 18.5 to Ͻ25.0, 25.0 to Ͻ30.0, 30.0 to Ͻ35.0, 35.0 to Ͻ40.0, and Ն40.0), physical activity (never, rarely, 1-3 times per month, 1-2 times per week, 3-4 times per week, and Ն5 times per week), race (white, black, and other), marital status (married and not currently married), and in women, menopausal hormone therapy (never, past, and current). For finer control of smoking status, we used a multilevel variable that integrated combinations of smoking status (never, former, and current), time since quitting for former smokers (Ն10 years, 5-9 years, 1-4 years, and within the last year), and smoking dose for both former and current smokers (1-10, 11-20, 21-30, 31-40, 41-60, and Ն61 cigarettes per day). Additional adjustment for other dietary variables (quintiles of polyunsaturated fatty acids, eggs, and potatoes) did not appreciably change the risk estimates, and these nutritional factors were not considered further. In a subanalysis we excluded smokers to evaluate the potential for residual confounding by smoking. Missing values for adjusting covariates were included as dummy variables in the models. Using the alternative Horvitz-Thompson method 19 for missing data did not change the results appreciably.
Interactions between tMED and aMED and lifestyle factors such as smoking and BMI were tested using cross-product terms of the Mediterranean diet score and lifestyle factor and likelihood ratio test statistics comparing models with and without a cross-product term. We further conducted stratified analyses of all-cause mortality by examining the Mediterranean diet score in relation to mortality among 6 subgroups of smoking status (never/ever) and BMI (18.5-25 .0, Ͼ25.0 to Ͻ30.0, Ն30.0). Age-adjusted incidence rates were calculated 20 with 5-year age bands standardized to the entire NIH-AARP population. All statistical analyses were carried out using SAS statistical software, version 9.1 (SAS Institute, Cary, North Carolina). A 2-sided P value of less than .05 was considered statistically significant.
RESULTS
During 5 years of follow-up, 12 105 deaths were documented (including 5985 cancer deaths and 3451 CVD deaths). Five more years of follow-up resulted in a total of 27 799 deaths (18 126 men and 9673 women). The 2 Mediterranean scoring systems showed similar distributions among men and women (the scores were positively correlated; rϾ 0.70). Because the results from the 2 scores were similar, we present results for the aMED only because this score was modified for use in a US population. 2 In men, conformity with the Mediterranean diet tended to be higher among older people with the following characteristics: BMIs between 18.5 and less than 30.0, higher education, higher physical activity, married, and current nonsmokers or former smokers who had smoked 1 pack per day or less ( Table 1) . A similar pattern was seen in women, with the exception of marital status; in addition, higher conformity in women was associated with current use of menopausal hormone therapy (Table 1) . Table 2 reports the median, 25th, and 75th percentile values of intake of the score components and their correlations with the total score (aMED). Energy intake was weakly negatively associated with the score. The median intakes for each of the components were similar in men and women, with the exception of alcohol and total energy, both of which were higher in men than in women.
Higher conformity with the Mediterranean dietary pattern was associated with a statistically significant reduction in all-cause mortality, including mortality due to cancer and CVD in both men and women ( Table 3 and Table 4 ). In men, the multivariate hazard ratios (HRs) of mortality from any cause, cancer, and CVD for the top vs the bottom level of conformity with the dietary pattern was 0.77 (95% confidence interval [CI], 0.74-0.80), 0.79 (95% CI, 0.73-0.87), and 0.76 (95% CI, 0.68-0.85), respectively. In women, higher conformity with aMED was associated with a 22%, 14%, and 21% decreased risk of all-cause (PϽ.001 for trend), cancer (P=.01 for trend), and CVD (P=.01 for trend) mortality, a Unless otherwise indicated, data are reported as HR (95% CI). b Incidence rates per 100 000 person-years standardized to the age distribution of the entire baseline NIH-AARP population. c Adjusted for age (continuous), race (white, black, other, and data missing), total energy (continuous), BMI (Ͻ 18.5, 18.5 to Ͻ25, 25 to Ͻ30, 30 to Ͻ35, 35 to Ͻ40, Ն 40, and data missing), education (less than high school, high school, some college, college/postgraduate college, and data missing), marital status (married, not currently married, and data missing), physical activity (never, rarely, 1-3 times per month, 1-2 times per week, 3-4 times per week, Ն5 times per week, and data missing), MHT (never, past, current, unknown, and data missing) in women only, and for 6-level smoking variable (never smokers, former smokers Յ 1 pack per day, former smokers Ͼ1 pack per day, current smokers Յ1 pack per day, current smokers Ͼ1 pack per day, and data missing).
d Adjusted for age (continuous), race (white, black, other, and data missing), total energy (continuous), BMI (Ͻ18.5, 18.5 to Ͻ25, 25 to Ͻ30, 30 to Ͻ35, 35 to Ͻ 40, Ն 40, and data missing), education (less than high school, high school, some college, college/postgraduate college, and data missing), marital status (married, not currently married, and data missing), physical activity (never, rarely, 1-3 times per month, 1-2 times per week, 3-4 times per week, Ն5 times per week, and data missing), MHT (never, past, current, unknown, and data missing) in women only, and for 32-level smoking variable (integrating smoking status [never, former, and current]), years since quitting for former smokers [Ն10, 5-9, 1-4, and within the last year], smoking dose for both former and current smokers [1-10, 11-20, 21-30, 31-40, 41-60 , and Ն61 cigarettes per day], and data missing for smoking).
e Adjusted for age (continuous), race (white, black, other, and data missing), total energy (continuous), BMI (Ͻ 18.5, 18.5 to Ͻ25, 25 to Ͻ30, 30 to Ͻ35, 35 to Ͻ40, Ն 40, and data missing), education (less than high school, high school, some college, college/postgraduate college, and data missing), marital status (married, not currently married, and data missing), physical activity (never, rarely, 1-3 times per month, 1-2 times per week, 3-4 times per week, Ն5 times per week, and data missing), and MHT (never, past, current, unknown, and data missing) in women only. respectively. Analysis for 1-point increments in the scores showed a 5% decrease (P Ͻ .001) in all-cause mortality for both men and women. Finer adjustment for smoking showed similar results. Similar results were seen with the tMED score: the multivariate HRs for high vs low conformity for all-cause mortality in men and women were 0.79 (95% CI, 0.76-0.82) and 0.84 (95% CI, 0.79-0.89), respectively. Higher conformity with the tMED score also conferred decreased risks for cause-specific mortality. In men, the multivariate HRs for high vs low conformity for cancer and CVD mortality were 0.79 (95% CI, 0.72-0.87) and 0.76 (95% CI, 0.68-0.85), respectively. In women, a 20% decreased risk of CVD mortality was seen with tMED (PϽ.01) and a weaker relation for cancer mortality (HR, 0.89; 95% CI, 0.79-1.01) (data not shown).
In separate analyses excluding 1, 2, 3, and 5 years of follow-up, the association between the Mediterranean dietary pattern and all-cause mortality remained in both men and women (data not shown). Also, when smokers were excluded from the analyses, the associations between aMED and all-cause mortality remained statistically significant (Table 3 ). In sensitivity analysis using alternate sex-specific cut points, the distribution shifted toward lower conformity (0-2), with only 1% of the population having a score of 9 points for aMED. Higher conformity to this modified score was also associated with a significantly lower risk of all-cause mortality (for men, n = 408; 95% CI, 0.71-0.87; for women, n= 144; 95% CI, 0.66-0.92) (data not shown).
We conducted stratified analysis of all-cause mortality examining subgroups of smoking and BMI ( Table 5) . The results in all subgroups, with the exception of those among never smokers with a BMI of 30.0 or higher, showed a statistically significant inverse association between the Mediterranean dietary pattern and all-cause mortality. This inverse association appeared to be more pronounced among smokers and especially among smokers with normal BMI (18.5-25.0). The multivariate HR in the latter subgroup comparing high vs low level of adherence was 0.54 (95% CI, 0.50-0.59) in men and 0.59 (95% CI, 0.53-0.66) in women. In high vs low conformity, the pattern also conferred a decreased risk of death among smokers with high BMI. When we compared participants with contrasting diet and lifestyle behavior such as those who were obese and ever smokers with low conformity with the Mediterranean pattern vs those who were lean and never smokers with high conformity with the Adjusted for age (continuous), race (white, black, other, and data missing), total energy (continuous), BMI (Ͻ18.5, 18.5 to Ͻ25, 25 to Ͻ30, 30 to Ͻ35, 35 to Ͻ40, Ն40, and data missing), education (less than high school, high school, some college, college/postgraduate college, and data missing), marital status (married, not currently married, and data missing), physical activity (never, rarely, 1-3 times per month, 1-2 times per week, 3-4 times per week, Ն5 times per week, and data missing), MHT (never, past, current, unknown, and data missing) in women only, and for 6-level smoking variable (never smokers, former smokers Յ1 pack per day, former smokers Ͼ1 pack per day, current smokers Յ1 pack per day, current smokers Ͼ1 pack per day, and data missing). Adjusted for age (continuous), race (white, black, other, and data missing), total energy (continuous), BMI (Ͻ18.5, 18.5 to Ͻ25, 25 to Ͻ30, 30 to Ͻ35, 35 to Ͻ40, Ն40, and data missing), education (less than high school, high school, some college, college/postgraduate college, and data missing), marital status (married, not currently married, and data missing), physical activity (never, rarely, 1-3 times per month, 1-2 times per week, 3-4 times per week, Ն5 times per week, and data missing), MHT (never, past, current, unknown, and data missing) in women only, and for 32-level smoking variable (integrating smoking status [never, former, and current]), years since quitting for former smokers [Ն10, 5-9, 1-4, and within the last year], smoking dose for both former and current smokers [1-10, 11-20, 21-30, 31-40, 41-60, and Ն61 cigarettes per day], and data missing for smoking). a Unless otherwise indicated, data are reported as HR (95% CI). Stratified analysis was restricted to participants with no missing information for smoking and BMI and with BMI of at least 18.5.
b Incidence rates per 100 000 person-years standardized to the age distribution of the entire baseline NIH-AARP population. c Adjusted for age (continuous), race (white, black, other, and data missing), total energy (continuous), BMI (Ͻ18.5, 18.5 to Ͻ25, 25 to Ͻ30, 30 to Ͻ35, 35 to Ͻ40, Ն40, and data missing), education (less than high school, high school, some college, college/postgraduate college, and data missing), marital status (married, not currently married, and data missing), physical activity (never, rarely, 1-3 times per month, 1-2 times per week, 3-4 times per week, Ն5 times per week, and data missing), MHT (never, past, current, unknown, and data missing) in women only, and for 6-level smoking variable (never smokers, former smokers Յ1 pack per day, former smokers Ͼ1 pack per day, current smokers Յ1 pack per day, current smokers Ͼ1 pack per day, and data missing).
diet, among the latter there was a 56% (95% CI, 0.39-0.49) decreased risk of death in men and a 61% (95% CI, 0.34-0.45) decreased risk in women, and the test for interaction was statistically significant (P Ͻ .001 for interaction) (data not shown).
COMMENT
In this large, prospective US study, conformity with the Mediterranean dietary pattern was associated with lower mortality. The inverse association in men and women remained statistically significant after restricting the analysis to nonsmokers. We also found similar results using different aMED cut points. The beneficial effect of the Mediterranean pattern was more pronounced in smokers, especially among smokers with a BMI of 18.5 to 25.0.
To our knowledge, 9 cohort studies (8 in Europe 3-7,9-11 and 1 in Australia 8 ) have used variations of the original score 11 to assess the Mediterranean diet and mortality relation. Despite these modifications, all studies reported inverse associations between the Mediterranean dietary pattern and mortality. 21 Although our primary analysis was based on aMED, we also examined tMED, which includes dairy and total meat products and does not distinguish between total grains and whole grains. 4, 11 Recent evidence suggests that high glycemic load has adverse effects on blood lipid levels and is associated with an increased risk of CVD but that whole grains are beneficial, and therefore, the effects of grain products may depend on the degree of processing. 22, 23 In addition, the range of alcohol consumption in tMED is wider than that in most US studies. Although a higher intake of alcohol has been shown to be protective against heart disease, 24 it also increases the risk of several types of cancer. 25 In our study, higher conformity with tMED was also inversely associated with allcause and cause-specific mortality in both men and women, indicating that both scores showed a beneficial effect on mortality.
In our study, the beneficial effect of the pattern was more pronounced among smokers with high conformity with the diet. Similarly, another study found that risk was lower among smokers with the highest conformity with the Mediterranean diet. 6 Furthermore, the apparent benefit of high conformity with the Mediterranean dietary pattern was more pronounced among lean or overweight individuals, particularly among smokers. This held true for both men and women. Possibly, conformity with the Mediterranean diet plays a particularly important role among smokers, who are characterized by high levels of oxidative stress and an adverse blood lipid profile. 26 On the other hand, among obese individuals who do not smoke, conformity with the Mediterranean diet might not play so much of a role because the increased risk of death due to obesity may mask the inverse association of the Mediterranean diet with allcause mortality. However, to our knowledge, this is the first study of mortality that examines the effect of the Mediterranean dietary pattern within both smoking and BMI strata, and therefore, additional studies should further investigate this finding.
The beneficial effect of the Mediterranean diet on mortality may be mediated by a number of mechanisms, including oxidative stress and chronic inflammation. Conformity with the Mediterranean dietary pattern is associated with high antioxidant capacity and low concentrations of oxidized low-density lipoprotein cholesterol, 27 suggesting that this dietary pattern could be capturing the combined effect of dietary antioxidants, which could, partially, explain a lower risk of mortality. The Mediterranean diet also includes other important dietary constituents such as fiber and a low omega-6-omega-3 fatty acid ratio, both of which potentially prevent cancer initiation and progression. 28, 29 Additionally, chronic inflammation has been associated with a higher risk of CVD and possibly cancer. 30, 31 Conformity with the Mediterranean dietary pattern has also been associated with lower levels of C-reactive protein, interleukin-6, homocysteine, and fibrinogen and with lower white blood cell counts. 32 In 1 US study, 2 it was associated with lower concentrations of biomarkers of inflammation and endothelial dysfunction.
To our knowledge, the present study is the first and largest US cohort to evaluate the Mediterranean dietary pattern and mortality. Although using such a score in an American population might not adequately represent conformity with the traditional Mediterranean diet, it does include the key features of this diet and, as we have shown, may have a substantial beneficial impact on mortality in the United States.
Because of concern that the median intake of some dietary components might be lower in the US population than in a Mediterranean population, we considered alternate cut points. Using this approach, we assigned points to only the highest intakes, and the diets consumed were more compatible with the traditional Mediterranean diet. This sensitivity analysis showed that higher conformity with the diet was also associated with a significantly lower risk of mortality, confirming that it was reasonable to use the median of intake as the cut point for constructing the score.
The Mediterranean dietary pattern has the potential to minimize confounding by including nutritional confounders in the score and capturing effect modification among the nutritional variables. 33 Smoking was associated with decreased conformity with the diet and may therefore confound the association between the Mediterranean dietary pattern and mortality. Although we carefully adjusted for smoking, this may not be sufficient to address potential confounding by smoking. We had adequate statistical power to restrict the analysis to participants who had never smoked (approximately 69 000 men and 76 000 women). When we did so, the relation of dietary pattern to mortality remained unchanged.
Food frequency questionnaires are known to contain a certain degree of measurement error, as suggested by studies using recovery biomarkers of energy and protein intakes. 34 Therefore, results that depend on FFQs to assess diet and risk of chronic disease might be affected by this measurement error. 35 In the present study, all individual components of the score were adjusted for total energy intake (density method) and standardized to 2000 calories in women and 2500 calories in men. Total energy intake was also included as a covariate in the model 
